Summary
The two mammalian neuropeptides NPFF and NPAF have been shown to have important roles in nociception, anxiety, learning and memory, and cardiovascular reflex. Two receptors (FF1 and FF2) have been molecularly identified for NPFF and NPAF. We have now characterized a novel gene designated NPVF that encodes two neuropeptides highly similar to NPFF. NPVF mRNA was detected specifically in a region between the dorsomedial and ventromedial hypothalamic nuclei. NPVF-derived peptides displayed higher affinity for FF1 than NPFF-derived peptides, but showed poor agonist activity for FF2. Following intracerebral ventricular administration, a NPVF-derived peptide blocked morphine-induced analgesia more potently than NPFF in both acute and inflammatory models of pain. In situ hybridization analysis revealed distinct expression patterns of FF1 and FF2 in the rat central nervous system. FF1 was broadly distributed, with the highest levels found in specific regions of the limbic system and the brainstem where NPVF-producing neurons were shown to project to. FF2, in contrast, was mostly expressed in the spinal cord and some regions of the thalamus. These results indicate that the endogenous ligands for FF1 and FF2 are NPVF-and NPFF-derived peptides, respectively, and suggest that the NPVF/FF1 system may be an important part of endogenous anti-opioid mechanism.
The FMRFamide (Phe-Met-Arg-Phe-NH 2 )-related peptides (FaRPs) constitute a large family of neuropeptides which are widely distributed in invertebrates, and function as neurotransmitters and neuromodulators (1, 2) . Existence of FaRPs in vertebrates was initially demonstrated by the observation of specific immunoreactive staining in rat brain using antiFMRFamide antisera (3) . The first vertebrate FaRP, Leu-Pro-Leu-Arg-Phe-NH 2 (LPLRFa) was isolated from chicken brain using anti-FMRFamide antisera (4) . Two mammalian FaRPlike peptides, NPAF and NPFF were then isolated from bovine brain by a similar approach (5) .
Isolation of the gene encoding NPAF and NPFF revealed that the two peptides are generated from the processing of a single large precursor (6, 7) .
A great deal of evidence suggests that NPAF and NPFF play important roles in the control of pain and analgesia through interactions with the opioid system (see ref. 8-9 for review). Intracerebroventricular administration of FMRFamide, NPFF, or NPAF attenuated morphine-induced analgesia while injection of antisera against FMRFamide or NPFF had the opposite effect (5, 10) . Administration of NPFF into morphine-tolerant rats induced symptoms of the withdrawal while administration of anti-NPFF IgG reversed morphine tolerance (11, 12) .
Such observations led to the classification of NPFF as one type of anti-opioid peptides which have been hypothesized to be partially responsible for the rapid development of opioid tolerance and dependence in animal models and clinical use of opioids (13) . NPFF, on the other hand, was also shown to have pro-opioid effect following intrathecal administration (14) . Furthermore, recent data indicate that ICV-administrated NPFF was able to attenuate neuropathic pain independent of the opioid system (15) . In addition, FMRFamide and NPFF were also shown to affect the cardiovascular system and cause other behavioral changes in mammals (8) . Recently, molecular identification of two receptors (FF1 and FF2) have been reported for NPFF and NPAF (16) (17) (18) . A novel mammalian gene encoding NPFF-like peptides (RFRP1 and RFRP3) and their receptor (OT7T022) was also reported (19) . A quail gene encoding neuropeptides highly similar to the chicken peptide LPLRFa was just published (20) . Herein we describe the comparison of the two NPFF receptors in their responses to various NPFF-like peptides and in their expression pattern in the rat central nervous system (CNS). We also describe the independent identification of novel NPFF-related peptides (designated NPVF) and their role in attenuating morphineinduced analgesia. Potential roles of the two receptors/four peptide ligands in nociception modulation are discussed.
Experimental Procedures
Molecular Cloning of FF1 and FF2. The full-length coding sequence of human FF2 was isolated and determined by extending the 5' end of the EST sequence AA449919 (Genbank accession number) using a strategy described previously (21) , and subcloned into the vectors pcDNA3.1(-) (Invitrogen, Inc.) and pIRESpuromycin (Clontech, Inc.). Full-length coding sequences of human and rat FF1 were amplified by PCR and cloned into expression vectors as above based on the published sequences of the receptor B5 (Canadian patent application # CA 2,269,192).
Functional and Binding Assays. CHO-NFAT-bla and HEK293-CRE-bla cells (22) were obtained from Aurora Biosciences. They were transfected with human FF1/pIRESpuromycin or FF2/pIRESpuromycin with CHO-NFAT-bla cells or without a plasmid containing the chimeric G protein G α qi5 (23) . Stable cell lines from CHO-NFAT-bla cells showing strong agonist response were generated by FACS (fluorescence-activated cell sorting) as described (22) .
FLIPR (fluorescence Imaging Plate Reader) and β-lactamase assays were performed as described (22, 24) . Inhibition of forskolin-stimulated cAMP were carried out with HE293-CRE-bla cells stably expressing FF1 or FF2 following the treatment of 10 µM of forskolin for 10 minutes using the scintillation proximity assay (SPA) kit (Amersham-Pharmacia Biotech).
Radioligand binding analyses were performed on cellular membranes prepared from CHO-NFAT-bla cells stably expressing human FF1 or FF2 and G α qi5 as described previously (25) .
NH 2 ) were labeled with 125 I at its N-terminal tyrosine residue (Woods Assay, Portland, OR) to a specific activity of ~ 2,000 Ci/mmol. All peptides were purchased from Phoenix Pharmaceuticals, Inc.
Identification and Cloning of NPVF.
The entire EST database (Genbank dbEST) was searched with query sequences LPLRFGR and LPLRFGK. One EST (Genbank accession number R84948) appeared to encode LPLRFGR and was extended to a full-length open reading frame by searching for additional EST and genomic sequences. Partial sequences of the mouse and rat orthologs of this human gene were isolated by degenerate PCR on genomic DNA template using degenerate primers for LPLRFGR (forward) and LPQRFGR (reverse). Species-specific primers were then synthesized and used to clone and sequence flanking genomic fragments with the GenomeWalker kit (Clontech, Inc.). Comparison of the mouse and rat genomic sequences with human genomic and cDNA sequences identified the exon-intron boundaries as well as the open reading frames of the two rodent genes.
In situ Hybridization and Immunohistochemistry Analysis. For rat brain analysis, male, Sprague Dawley (Charles River) rats were killed by decapitation under CO 2 , and brains were quickly removed and frozen in 40 o C isopentane. Fourteen µm coronal sections were cut on a cryostat and hybridized with 33 P-labeled oligonucleotide probes as described previously (26) Behavioral Experiments. ICV cannulae were placed in the left lateral ventricle of male SpragueDawley rats (250-350 g; Charles River). Rats were housed in pairs on a 12 hr light/dark cycle, were given free access to food and water and were handled by an investigator for at least three days prior to testing. Test substances were dissolved in sterile saline and were administered in a volume of 5.0 µl. For the hot plate assay, rats were placed on a 52.5 o C hot-plate and the latency to hindpaw licking was measured. Hot-plate latencies were determined before (3x) and 5, 15, 30 and 60 min after ICV injection. We used a 30 s cut-off latency to avoid skin damage.
For the formalin test, vehicle or test substance was administered 60 min after animals were acclimated to a Plexiglas cylinder (15 cm diameter) and 5 min before a 50 µl injection of formalin (5%) into dorsal hindpaw. The number of flinches were counted continuously for 60 min using an automated nociception analyzer (UCSD Anesthesiology Research, San Diego, CA).
The mean of three pre-treatment hot-plate latencies were used to compare the effect of treatment. The maximum possible effects were determined. Area under the curve during the 60 min post-administration. Statistical significance for treatment groups in both hot plate and formalin tests was determined by one-way analysis of variance followed by Dunnett's multiple comparisons post hoc test (Prism, GraphPad Inc., San Diego, CA).
All rodent experiments were reviewed and approved by the Institutional Care and Animal Use Committee at Merck Research Laboratories (Rahway, NJ) and conform to the guidelines on the study of pain in awake animals established by the International Association for the Study of Pain (27) .
Results

Differential Activation of FF1 and FF2 by FaRPs
In searching for novel G protein-coupled receptors (GPCRs), we identified a human EST sequence (Genbank accession #AA449919) and cloned its full-length coding sequence which was initially designated HG31 (data not shown). We then screened for agonists of HG31 and found that NPFF and NPAF could bind and activate HG31 with high affinity (data not shown).
The amino acid sequence of HG31 is identical to the recently described human NPFF receptor FF2 and HLWAR77 (16, 17) , and herein the designation FF2 is adopted. Searching of a sequence database of patent applications with FF2 identified another orphan GPCR named B5 (Canadian patent application # CA 2,269,192) which has an overall homology of ~50% with FF2 at the amino acid level (data not shown). We cloned the B5 receptor and found that it also responded to NPFF and NPAF with high affinity (data not shown). Sequence comparison revealed that B5 is identical to the recently described NPFF receptor FF1 (17) and the RFRP receptor OT7T022 (19) . The term FF1 is herein used to described B5/OT7T022.
We determined that both FF1 and FF2 were activated by NPFF and NPAF with high affinity through coupling to the G α i/o pathway (data not shown), consistent with recent publications (16, 17, 19) . To carry out further analysis of the two receptors, cell lines stably expressing FF1 or FF2 and the chimeric G protein G α qi5 were generated from the cell line CHO-NFAT-bla which harbors the reporter enzyme β-lactamase (BLA) under the control of the Ca 2+ -sensitive enhancer NFAT (22, 23, 28) . Cells expressing FF1 showed a robust, dosedependent increase in BLA activity in response to human NPFF (EC 50 = 10 nM, Fig 1C) . In contrast, cells expressing FF2 showed strong, high affinity response only to human NPFF (Fig. 1D , EC 50 = 2 nM). Since LPLRFa was only isolated from chicken brain at the time of these experiments, the data suggested the existence of a mammalian ligand more similar to LPLRFa for FF1 and prompted us to search for such peptides.
Identification of Mammalian LPLRFa-Like Peptides. To find potential mammalian LPLRFaencoding genes, the Genbank EST database was searched using query sequences LPLRFGR and LPLRFGK (GR and GK were added on since they are obligatory sequences required for cleavage and amidation) using the program tblastn (29) . One human EST (Genbank accession # R84948) was found to encode such potential peptides. Assembly and analysis of additional EST and genomic sequences in Genbank resulted in a complete open reading frame of 543 bp encoding a peptide of 180 amino acids ( Fig. 2A) . The predicted polypeptide appears to contain two potential mature peptides terminating with similar structures at the C-terminus. Based on the rules of neuropeptide processing (30, 31) , the first peptide was predicted to be a 37 amino acid peptide consisting of amino acid residues 56-92 (Ser-37-Phe-amide) and was designated NPSF(1-37); the second peptide was predicted to contain eight amino acids corresponding to amino acid residues 124-131 (Val-8-Phe-amide) and was designated NPVF (Fig. 2A) . The gene was designated NPVF to distinguish it from the NPFF gene. The mouse and rat orthologs of NPVF were also isolated and found to be highly homologous to human one around the predicted peptides (Fig. 2B ). While this work was in progress, Hinuma et al. described a gene (called RFRP) encoding two potential neuropeptides (RFRP-1 and RFRP-3) which turned out to be same gene as NPVF (19) . Just recently, an avian gene encoding three potential FaRPs was isolated from the quail (20) . Alignment of the polypeptide sequences from these five species, human, mouse, rat, bovine, and quail revealed that they are highly conserved around the predicted signal peptide and mature neuropeptide sequences, indicating that they are most likely to be species orthologs (Fig. 2B) .
For all these precursors, it is relatively straight forward to predict their C-terminal cleavage and processing sites of mature peptides since they must be Arg-Phe-Gly followed by a mono-or double-basic motif. The N-terminal cleavage sites, however, are not always obvious.
For the quail gene, two peptides, GnIH, and GnIH-RP-2 of the predicted peptides were actually identified from brain extracts (20) . Neither of the two peptides, however, are conserved in the mammalian orthologs (Fig. 2B) . On the other hand, the quail gene appeared to have lost the mammalian peptide NPVF (Fig. 2B) . For the isolated quail peptides , N-terminal cleavage used the first Arg-Ser sequence motif upstream of the C-terminal cleavage site (Fig. 2B) . For the identity of NPSF, Hinuma et al. and Satake et al. predicted the N-terminal cleavage occurred at the first lysine residue upstream of the C-terminal cleavage site which would give a mature peptide containing 12 amino acids following by amidation (19, 20) . However, such a predicted quail peptide GnIH-RP-1 could not be identified from the brain extracts along with GnIH and conserved; mono-lysine sites in general are much less efficient than mono-arginine sites (30, 31) . The true identity of these peptides can only be determined by structural analysis of purified peptides.
Activation and Binding of FF1 and FF2 by NPFF and NPVF Peptides A series of peptides predicted from the human and rat NPVF precursors were then synthesized and examined on FF1 and FF2. In the FLIPR assay, the octapeptide human NPVF showed better affinity than NPFF for FF1 (1.2 nM vs. 15 nM in EC 50 , Fig. 3A and Table 1 ). The human NPSF(1-37) displayed approximately the same affinity as NPFF did for FF1 (Fig. 3A) . In contrast, both human NPVF and NPSF(1-37) showed poor agonist affinity for FF2 (EC 50 > 1,000 nM for both peptides) while NPFF and NPAF showed potent activity ( Fig. 3B and Table 1 ). The responses of FF1 and FF2 to NPVF peptides were also examined by measuring the inhibition of forskolin-stimulated cAMP production. HEK293 cells stably expressing human FF1 or FF2 showed strong inhibition of forskolin-stimulated cAMP in response to both NPVF and NPFF. Again, FF1 showed higher affinity to NPVF (EC 50 = 2.9 nM) than to NPFF (EC 50 = 31 nM) (Fig. 3C) , while FF2 showed much better affinity to NPFF (EC 50 = 0.6 nM) than to NPVF ((EC 50 = 74 nM) (Fig. 3D ).
Radioligand binding analysis were then carried out on both FF1 and FF2. Saturation binding analysis showed specific, saturable, and high affinity binding of NPFF to FF1 and NPVF to FF2 (data not shown), consistent with the published results (16, 17, 19 ). Competition binding analyses were then performed to compare the affinities of various peptides. Using 125 I-labeled Tyr 30 -NPSF(30-37), both NPVF and NPSF(1-37) displayed high affinity, complete displacement of the radio-ligand while NPFF showed significant lower affinity with incomplete displacement (Fig. 3E and Table 1 ). On the other hand, NPFF and NPAF showed much better affinity for FF2 than human NPVF and NPSF(1-37) (Fig. 3F and Table 1 ). The functional and binding data indicated that NPVF-derived peptides were more potent ligands for FF1 while NPFF-derived peptides were the only high affinity ligands for FF2.
In situ Hybridization Analysis of NPVF. To determine the expression pattern of NPVF, in situ hybridization analysis was carried out in the rat brain using two non-overlapping oligonucleotide probes. The two probes gave virtually identical expression patterns which are represented in (19) . No expression of NPVF was detected in any other region of the rat CNS (data not shown). This specific pattern of expression, interestingly, matched an immunohistochemical staining pattern previously observed with anti-NPFF antisera in the rat hypothalamus (7, 32) .
Furthermore, this region had no expression of the NPFF gene, which originally led to the hypothesis that other distinct NPFF-like peptides were produced by these neurons (7) . Given the strong structure similarity between NPFF and NPVF, and the robust specific expression of NPVF in this region, it is highly likely that NPVF-encoded peptides correspond to the immunoreactivity previously detected there with anti-NPFF antisera.
Expression of FF1 and FF2 in Rat CNS. The CNS distribution of FF1 and FF2 expression was examined by in situ hybridization analysis throughout the entire rat CNS. The two receptors exhibited strikingly distinct pattern of expression (Table 2 ). FF1 was much more broadly distributed. The strongest signals were detected in the lateral septum, especially the intermediate and dorsal part of the lateral septal nuclei, and in various thalamic nuclei including the parafascicular, anterodorsal, reticular, and anterior paraventricular thalamic nuclei (Fig. 5A-B and Table 2 ). Hypothalamus was another major site of expression for FF1 (Fig. 5C-D) .
Moderate to strong signals were observed in the paraventricular, medial preoptic, anterior, dorsomedial and ventromedial hypothalamic nuclei. In addition, significant expression of FF1 was detected in the amygdala, primarily in the central, medial and basolateral amygdaloid nuclei (Fig. 5D) . Finally, low to moderate hybridization was also detected in a number of other brain regions such as the bed nucleus of the stria terminalis, periaqueductal gray, dorsal raphe, pars compacta of the substantia nigra, locus coeruleus, lateral parabrachial nucleus, area postrema and dorsal motor nucleus of the vagus (Table 2) . Interestingly, no expression of FF1 was detected in the spinal cord. In contrast, FF2 expression was much more limited (Table 2 ). Modest to high levels of FF2 were found in the centrolateral and parafascicular nuclei of the thalamus (Fig. 6A-C ). Low to moderate signals were also detected in the reticular, dorsomedial part of laterodorsal, and centrolateral nuclei of the thalamus, and in the lateral hypothalamic area, anterior pretectal nucleus, medial and supramammillary nuclei, ventral pontine reticular nucleus, lateral parabrachial nucleus, nucleus of the solitary tract and dorsal motor nucleus of the vagus (Fig. Table 2 ). Strong expression of FF2 was noted in the superficial laminae (I/II) of the dorsal horn and near the central canal (laminae X) of the spinal cord at all levels examined (i.e. thoracic, lumbar and sacral regions) (Fig. 6E) . Specific hybridization signals were not observed in the hippocampus, cerebellum and cerebral cortex for either receptor.
6A-C and
Anti-Opioid Effects of NPVF. Since NPFF activates both FF1 and FF2 with high affinity, it is not clear which receptor, FF1, FF2, or both mediate the anti-opioid effects of NPFF observed previously (5). Given its structure similarity with NPFF and its preferential activation of FF1, we tested whether NPVF had anti-opioid effect in the hot plate assay and formalin assay.
Baseline hot plate latency did not differ among treatment groups (11.2 + 0.3 s). Morphine (1.3-13.1 nmol/ 5µl) dose-dependently increased hot-plate latency (P < 0.0001), with the highest dose producing near maximal antinociception (94.1 + 3.2% MPE; Fig. 7A ). ICV administration of rat NPSF(1-37) (0.3 -10.0 nmol/ 5ul) did not affect hot-plate latencies when given alone (not shown). However, co-administration of rat NPSF(1-37) (1.0 nmol) and morphine, produced a 2.5-fold rightward shift in the morphine dose-response curve and completely blocked the antinociceptive effects of the 2.6 nmol dose of morphine (Fig. 7A) . In contrast, NPFF by itself decreased hot-plate latencies at doses of 1.0 and 3.0 nmol, but at 1.0 nmol only significantly inhibited the antinociceptive effects produced by the 6.6 nmol dose of morphine.
Thus, NPVF was more potent than NPFF at blocking morphine-induced antinociception in a model of acute pain. In the formalin model of persistent pain, morphine (2.6 nmol) significantly inhibited the number of flinches during the 60 min post-injection (88 + 3%). Neither NPSF(1-37) nor NPFF had any effect on formalin-induced nociceptive behavior. However, consistent with the results from the hot-plate test, NPSF(1-37) (1.0 nmol) caused a 50% reduction in the antinociceptive effects of morphine (44 + 25%); whereas, NPFF (1.0 nmol) led to only a nonsignificant reduction in morphine's effectiveness (61 + 10%). The data suggest that it is the NPVF/FF1 system that mediates the anti-opioid effects of NPFF.
Discussion
FaRPs constitute a large family of neuropeptides in invertebrates (1, 2) . The diversity of FaRPs in vertebrates, however, appears to be more limited. In addition to NPFF, NPAF, LPLRFa, only one other RFamide neuropeptide, the prolactin-releasing peptide has been isolated from vertebrates (33) . In this report, we described independent identification and characterization of a mammalian gene designated NPVF and its encoded peptides which most likely represents the mammalian ortholog of the chicken peptide LPLRFa. We also described independent identification and characterization of two NPFF receptors by comparing their affinity for various FaRPs and detailed analysis of their expression pattern in the rat CNS.
Furthermore, we showed that NPVF-derived peptides were more potent than NPFF in attenuating morphine-induced analgesia. The molecular pharmacological properties of FF1 and FF2 toward various NPFF and NPVF peptides and their expression pattern in the rat CNS presented here offer new insights into the potential mechanisms of the pain-modulatory functions associated with NPFF.
In characterizing the affinities of the two receptors to various FaRPs, we noticed FF1 could be activated by many more FaRPs than FF2. Particularly, we were surprised to find that (35, 36) . FF2 mRNA levels, on the other hand, is much more limited, with the highest levels found in the spinal cord. It is of interest to note, however, that some discrepancies exist between the patterns of receptor binding and receptor mRNA expression. For example, high density NPFF bindings were observed in the presubiculum, and spinal trigeminal tract nucleus (34, 37) , but these brain regions express little or no detectable FF1/FF2 mRNA.
While the precise reason for such mismatch is unknown, it could be due to subtle differences between the iodinated NPFF analogues used as the radioligands and native NPFF in binding to the receptors, or it could also be the consequence of transportation of mature/functional receptor proteins (binding sites) away from their origin of synthesis (mRNA), which were measured by autoradiography and in situ hybridization, respectively. Alternatively, these results may suggest existence of additional receptor(s) for NPFF.
The genes encoding NPFF and NPVF are similar in structure but distinct in expression pattern, receptor pharmacology, and presumably physiological functions. NPFF is primarily expressed in the paraventricular and supraoptic nuclei of the hypothalamus, the nucleus of the solitary tract and the superficial layers in the dorsal horn of spinal cord (7), areas with predominant FF2 expression. In contrast, NPVF is only expressed in a population of neurons between the dorsomedial hypothalamic and ventromedial hypothalamic nucleus which were shown to project to a number of limbic structures including the lateral septal nucleus, bed nucleus of the stria terminalis, amygdala, and hypothalamus as well as to the periaqueductal gray (38) , areas where FF1 is strongly expressed. Furthermore, in vitro binding and functional analyses also indicate that FF2 can only be activated NPFF-related peptides while FF1 is activated by NPVF-related peptides with a higher affinity than by NPFF-related peptides.
Taken together, these data strongly suggest that the physiologically relevant ligands for FF2 are the NPFF-related peptides whereas the NPVF-related peptides are the preferred ligands for FF1.
NPFF-related peptides have been shown to be involved in various somatosensory and visceral functions (8) . Perhaps the best characterized action for NPFF is its role in nociception and analgesia (for recent reviews, see ref. 9 & 39) . There is a body of evidence that central administration of NPFF-related peptides produces hyperalgesia and reverses morphine-induced analgesia (5, 9) . Intrathecal administration of NPFF, however, produces anti-nociceptive, proopioid effects (14) . Since our in situ data showed only FF2 expression in rat spinal cord, FF2 most likely mediated the pro-opioid effect of NPFF following intrathecal injection. On the other hand, the anti-opioid effects of intracerebroventricularly administered NPFF were most likely mediated by FF1 based on the following observations. Our data showed that NPSF(1-37), which had poor if any agonist activity for FF2 but potent activity for FF1, was more potent than NPFF in suppressing morphine-induced analgesia in two models of nociception (Fig. 7) .
FMRFamide, which displayed no significant agonist activity for FF2 but potent activity for FF1, was equally potent as NPFF in anti-opioid activity (40) . Only FF1 is expressed in the periaqueductal grey (Table 2) , a region critical for the control of nociception. All together, these in vitro and in vivo observations strongly suggest that the anti-opioid effects of NPFF were actually mediated by the FF1 receptor, and the real endogenous anti-opioid peptides are NPVFrelated peptides. Furthermore, the strong expression of FF1 in the limic system may suggest an important role of NPVF in the manifestation of the affective aspects of pain. The Genbank accession numbers are, human NPVF, AF330057; mouse NPVF, AF330058; rat NPVF, AF330059; bovine NPVF, AB040291; chicken GnIH, AB039815. (A) In the hot-plate test, morphine (2.6 nmol/5 µl, ICV) significantly increased the response latency to 52.5 o C thermal stimulus (*P < 0.05). The antinociceptive effects of morphine were blocked when rat NPSF(1-37) (1.0 nmol) was co-administered (P > 0.05 compared to vehicle); whereas co-administration of rat NPFF (1.0 nmol) had no effect on morphine-induced antinociception (*P < 0.05), (Vehicle: n=37; treatment: n=6-8/group).
(B) In the formalin model, morphine (2.6 nmol/5 µl, ICV) significantly reduced the total number of flinches produced by formalin injection (5%, 50 µl) into the dorsal hind paw (*P < 0.05). These effects were significantly attenuated when rat NPSF(1-37) (1.0 nmol) was co-administered (P > 0.05 compared to vehicle). However, co-administration of rat NPFF had no effect on morphine-induced antinociception (*P < 0.05). (Vehicle: n=9; treatment: n=6/group). All statistical comparisons determined by unpaired t-test between vehicle and treatment condition. 
